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Transport processes mediated by proteins are of 
fundamental biological importance and cover a broad 
spectrum of phenomena such as the transport of 
oxygen, protons, metal ions or the transport of ions 
through membranes. Each of these topics comprises 
a highly specialized field by itself. One of the main 
objectives of the symposium on ‘Transport by 
Proteins’ has been to provide a general basis for a 
meeting which would bring together workers from 
related fields, thus promoting mutual stimulation and 
exchange of ideas and new techniques. Therefore, 
ample time was allocated for the discussion of the 
papers presented, preprints of which were available 
some time before the meeting. The pattern of the 
present symposium was similar to that of a previous 
conference on ‘Protein-Ligand Interactions’ (see 
FEBS Lett. (1975) 54, l-4) which also had an 
interdisciplinary character. 
Financial support for the symposium was provided 
mainly by the Deutsche Forschungsgemeinschaft and 
FEBS. 
The scientific program was based on 25 invited 
lectures which were divided into five sections. 
1. General 
transport processes, emphasizing by several examples 
the importance of theoretical considerations. In a 
concise survey of some principles and methods based 
on reversible thermodynamics, continuous differen- 
tial temperature titrations were selectively demon- 
strated as a tool for binding studies (Pohl, Konstanz). 
The growing use of computerized analysis of thermo- 
dynamic data and advances in instrumentation were 
stressed. 
The second contribution dealt with applications of 
non-equilibrium thermodynamics to transport mecha- 
nisms mediated by proteins (Kedem, Rehovot). These 
were expressed by elementary cyclic processes which 
bridge between phenomenological description and 
model calculations. 
Two other lectures dealt with advanced spectro- 
scopic methods demonstrating their possible use in 
the study of transport systems. Chemical relaxation 
methods such as temperature jump were used to 
elucidate kinetic details of proton and alkali ion 
transfer reactions across phospholipid membranes 
(Ruf, Oberblumer and Grell, Frankfurt and 
Gtittingen). “C NMR measurements enabled observa- 
tion of the time course of glycolysis in suspensions of 
Escherichia coli and allowed deductions on compo- 
nents and equilibria to be made (Shulman, Brown, 
Den Hollander and Ugurbil, Murray Hill, NJ). 
Two lectures were devoted to some fundamental 
aspects of thermodynamic principles relevant to 
2. Selected transport proteins 
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Some of the ‘classical’ transport proteins and 
protein systems investigated for many years were 
included in this section, with special emphasis on new 
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results and concepts. On the other hand, the intra- 
cellular binding proteins ligandin and protein A have 
been recognized and characterized only in recent 
years and are also selectively included in this section. 
Possible mechanisms in the transport of redox 
equivalents by proteins were evaluated by enzyme 
and model studies involving nicotinamides and flavins 
(Hemmerich, Konstanz). The mechanism of energy 
transduction i  photophosphorylation involving 
electron and proton transport via proteins in chloro- 
plasts was described (Avron, Rehovot). Highly 
organized multienzyme complexes allow the study of 
membrane-independent, cellular transport processes 
of metabolites. The structural organization and func- 
tion of the yeast fatty acid synthetase was discussed 
(Schweizer, Erlangen and Lynen, Miinchen). 
Heme-heme interactions are an important, but 
controversial spect of hemoglobin function. By 
recently developed X-ray absorption spectroscopy, 
using synchroton radiation, it was deduced (Shulman, 
Murray Hill, NJ) that a forced iron motion in and out 
of the heme plane is not responsible for cooperative 
oxygen binding, as suggested previously. Serum 
albumin is one of the most extensively investigated 
transport proteins. A concise survey of recent work 
on functional and structural aspects of albumin was 
presented (Peters and Reed, Cooperstown, NY). 
Another survey on recent advances inthe biochemistry 
of the intracellular proteins ligandin and protein A 
was given, emphasizing binding properties as well as 
structural and physiological spects (Ketterer, Carne 
and Tipping, London). 
3. Membranes and transport by proteins 
The participation of proteins in mitochondrial 
calcium transport was discussed (Carafoli, 
Schwerzmann, Roos and Crompton, Zurich). The 
transfer of calcium ions across the mitochondrial 
membrane appears to be catalyzed by two indepen- 
dent routes, one being used for the influx of calcium 
ions from the cytosol into the inner mitochondrial 
space, the other for the exit of calcium ions from the 
mitochondria. It has been shown that the release of 
calcium ions from mitochondria is promoted by 
phosphoenolpyruvate. I  is now strongly suggested 
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that the phosphoenolpyruvate-induced efflux of 
calcium ions occurs via a distinct efflux route and not 
by reversal of the ruthenium-sensitive nflux pathway. 
Since phosphoenolpyruvate is known to exchange 
with intramitochondrial denine nucleotide, its 
action may be to deplete mitochondria of ATP which 
is known to stabilize intramitochondrial calcium 
phosphate precipitates. 
Conformational changes and cooperativity effects 
in the mechanism of proton transfer in bacterio- 
rhodopsin were described (Hess, Korenstein and 
Kuschmitz, Dortmund). In the intact membrane, 
bacteriorhodopsin molecules are arranged in a two- 
dimensional rray forming an almost perfect crystal 
lattice of the space group P3 with trimeric clusters as 
spatial, structural and functional units. Following the 
observation of a photochemical reaction cycle of 
bacteriorhodopsin, tsproton translocating function 
was discovered. Drastic conformational changes of 
the purple membrane upon illumination were found 
by significant changes of titrable groups. The finding 
of cooperativity in the function of bacteriorhodopsin, 
for which a schematic model is given, adds a new 
property to membrane-bound systems ingeneral. It 
shows that not only the terminal part in the pathway 
of energy transduction, the ATPase, but also primary 
steps of the energy trapping are organized in such a 
manner that efficiency in the energy trapping and in 
the molecular conversion is maximized. 
A new type of periplasmic protein has been found 
that is connected to the active transport of sn-glycerol- 
3-phosphate inE. coli (Boos, Konstanz). The available 
genetic evidence indicates aparticipation in the 
transport phenomenon, even though physiological 
studies with membrane vesicles limit its possible 
function to the outer membrane of the cell envelope. 
The reactions of nine systems of mediated trans- 
port across the human erythrocyte membrane in 
response to changes in the cholesterol content in the 
membrane were studied (Wilbrandt and Becker, 
Bern). Three groups could be distinguished. In the 
group of potassium transport by ionophores belonging 
to the carrier type both the rate of transport and its 
temperature dependence were in the direction 
expected from changes in the fluidity of the mem- 
brane. In the group of glucose, thiourea and choline 
transport he effect of cholesterol changes i opposite 
to the prediction on the basis of fluidity changes. The 
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third group comprises potassium ovement (without 
ionophores) against and down the gradient and the 
transport of leucine. 
A common feature of channels in excitable mem- 
branes appear to be that they contain highly specific 
binding sites in addition to the ion translocating unit 
(Hucho, Konstanz). For the voltage-dependent 
sodium channel, polypeptide toxins from the sea 
anemone are shown to be applicable for the specific 
labeling of membrane molecules involved in the 
regulation of the ion permeability. For the potassium 
channel with a photoaffmity label derived from the 
channel blocker tetraethylammonium, it could be 
confirmed that this channel is built asymmetrically 
across the membrane. The sodium/potassium channel 
of postsynaptic membranes regulated by acetyl 
choline has been studied by means of photo labels 
and quinacrine mustard, acovalently binding local 
anaesthetic. The latter blocks irreversibly the ion flux 
without abolishing transmitter binding to the 
membrane. 
4. Metal transport by proteins 
Some selected and important metal-transport 
systems were included in this section. Molecular 
aspects of the deposition and mobilization of ferritin 
iron were presented (Crichton, Louvain; Harrison, 
Banyard, Clegg, Stammers and Treffry, Sheffield). 
The role of ferritin as a transport protein for iron 
within the cell was considered (Crichton) and struc- 
tural aspects of the apoferritin structure were pre- 
sented in detail (Harrison et al.). Transferritin, the 
iron-binding protein of blood plasma, transports iron 
among sites of absorption, storage and utilization. 
The equilibria involved in the binding of iron to 
transfer& as well as kinetic or accessibility factors, 
were analyzed in detail (Aisen and Leibman, Bronx, 
NY). The transport of heme by hemopexin as well as 
the molecular and biological properties of this serum 
protein were reviewed (Muller-Eberhard, La Jolla, 
CA) with emphasis on recent views on its function in 
plasma heme clearance. The transport of copper by 
the plasma protein ceruloplasmin, its catabolism and 
possible xplanation for the cause of Wilson’s disease 
were discussed (Scheinberg, Bronx, NY). 
5. Molecular aspects of transport by proteins in 
physiology and pharmacology 
Drug distribution was discussed with respect o 
three main factors: permeability barriers, organ blood 
flow rate and nonspecific binding (Bickel, Bern). 
Distribution and, therefore, binding influences the 
action of a drug by determining its availability for the 
sites of action and elimination. Only drugs with low 
volumes of distribution can be efficiently eliminated 
by forced diuresis, hemodialysis, exchange transfusion 
or similar measures in cases of overdosage. Plasma 
binding seems to control distribution only in the few 
cases of drugs which are very tightly bound to and/or 
easily displaced from these sites. On the other hand, 
tissue binding is able to increase the volume of distribu- 
tion of a drug or to result in high concentrations in
individual organs or tissues. 
The effect of tryptophan and tyrosine modification 
on the drug-binding properties of human serum 
albumin was investigated (W. E. Miiller, Fehske and 
Wollert, Mainz). It was concluded that the lone 
tryptophan residue is not directly involved in the 
specific binding of benzodiazepines and L-tryptophan 
but modification changes the properties of the 
albumin molecule with respect o conformational 
changes in the neighborhood of the binding site. By 
contrast, it is quite obvious from modification experi- 
ments that at least one tyrosine residue is involved in 
the binding of benzodiazepines and indole com- 
pounds. By these and other experiments reported in 
the literature it is proposed that the peptide 144-l 52 
is the major part of the indole binding site of the 
albumin molecule. 
The kinetics of transfer of ferriprotoporphyrin IX 
from its complex with human serum albumin to 
sperm-whale apomyoglobin was described (Blauer and 
Silfen, Jerusalem). At pH 7.4 the initial rate was 
virtually independent of the concentration of apo- 
myoglobin and slightly dependent on the albumin 
concentration. The dissociation reaction of ferri- 
protoporphyrin from its complex with albumin is 
considered to constitute the rate-limiting step in the 
transfer eaction. Analogies between the multistep 
interactions of free ferriprotoporphyrin with globin 
or human serum albumin and other small molecule- 
macromolecule systems, were discussed. 
The role of intracellular proteins in the transport 
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and metabolism of lipophihc compounds was investi- 
gated (Tipping and Ketterer, London). For the model 
systems which have been considered, the results of 
the calculations are compatible with the hypothesis 
that an important role of ligandin and protein A is to 
bring about the facilitated iffusion of their ligands. 
As a result it seems that they could allow the metab- 
olism of these lipophilic compounds to proceed more 
efficiently than would be possible in their absence. 
However, these conclusions hould be accepted with 
caution: the ideas are capable of development, both 
theoretically and experimentally, and more certain 
analyses can be expected in the future. 
The binding proteins in plasma nd liver cytosol 
and the transport of bilirubin were described 
(Meuwissen and Heirwegh Leuven). Results were 
presented to evaluate further the working hypothesis 
in which the functions of binding proteins in bili- 
rubin transport have been enumerated: (1) binding 
proteins in the soluble cytoplasm could account for 
the uptake into the liver cell by competing for the 
albumin-bound ligand in the extracellular compart- 
ment; (2) the binding proteins erve functions such as 
solubilization, storage and detoxication; (3) in 
aqueous compartments hey act as rotating carriers 
by a mechanism of facilitated iffusion. In a general 
way, the function of binding proteins for a typical 
lipophile such as bilirubin seems to be to keep a 
balance in the distribution of the ligand between 
aqueous and lipid environments. 
